Abstract We present a large sample which includes 82 BL Lac objects with redshifts below 0.2 from recent literature. We find strong correlations in both flux and luminosity between the radio (5 GHz) and optical bands (5500Å). The correlations in other bands are very weak. Five TeV BL Lacs and two suspect sources are found to have similar properties as high-frequency-peaked BL Lacs (HBLs). Our results suggest that both the radio and optical emissions are from the same radiation mechanism in the SSC model. The TeV BL Lac candidates should be HBLs or HBL-like objects with small redshifts.
INTRODUCTION
Blazars, including BL Lacertae objects and Optical Violently Variable (OVV) quasars, belong to a class of active galactic nuclei (AGNs), the spectrum of which is dominated by nonthermal radiation from relativistic electrons in jets pointing at us (e.g. Blandford, & Rees 1978; Urry & Padovani 1995) . The entire electromagnetic spectral energy distributions (SEDs) usually reveal two broad components, the low energy part, peaking in the IR to soft X-ray range, and the high energy part, peaking in the MeV -GeV -TeV range. Both components are variable, particularly the high energy component (Ulrich et al. 1997; Wehrle et al. 1998) . Because BL Lacs were efficiently discovered in radio and X-ray surveys, they have been divided into two classes: X-ray selected BL Lacs (XBLs) and radio selected BL Lacs (RBLs). Recently, this terminology has been replaced by a classification scheme based on the broadband SED, and we now have "high-energy-peaked" BL Lacs (HBLs) and "low-energy-peaked" BL Lacs (LBLs). The division between the two classes is based on the ratio of the X-ray (1 keV) to radio (5 GHz) flux densities f x /f r (e.g. Padovani & Giommi 1995) , with a somewhat arbitrary dividing line at log (f x /f r ) ∼ −5.5 (Wurtz et al. 1995; Perlman et al. 1998 ). Most of XBLs are HBLs and most of RBLs are LBLs, although there are exceptions in both cases. E-mail: bzdai@public.km.yn.cn In recent years, high-energy γ-rays have come to play an important role in the studies of AGNs. Before the launch of the CGRO in 1991, the only known extragalactic source of high-energy γ-rays was 3C 273, which had been detected with the COS-B satellite 20 years ago (Swanenburg et al. 1978) . The EGRET detector on board the CGRO has identified 66 AGNs that emit γ-rays at energies above 100 MeV (Hartman et al. 1999) , and a substantial fraction of those sources still remain unidentified in the EGRET catalog and is likely to be also AGNs. In addition, five BL Lacs in total have been discovered to be TeV (>300 GeV) γ-rays sources (TBLs), all five are nearby objects with redshifts below 0.2, they are: Mrk 421 (z=0.031, Punch et al. 1992) , Mrk 501 (z=0.034, Quinn et al. 1996) , 1ES 2344+514 (z=0.044, Catanese et al. 1998 ), PKS 2155 −304 (z=0.117, Chadwick et al. 1999 ), and 1ES 1959+650 (z = 0.048, Nishiyama. 1999 . During flaring episodes, the γ-ray emission can greatly exceed the energy output of the AGN at all other wavelengths, and is always accompanied by flares in other bands. Until about ten years ago, the most viable radiation model for relativistic jets was the synchrotron-self-Compton (SSC) model (Marscher & Gear 1985; Ghisellini & Maraschi 1989) . According to this model, the smooth, polarized and variable low-energy component of the blazar spectrum is produced by the synchrotron mechanism, while the high-energy component is caused by Comptonization of synchrotron radiation by the same population of electrons that produce the synchrotron component. There are some other models, however, such as the external-radiation-Compton (ERC) and hadronic models (Mannheim & Biermann 1992; Ghisellini & Madau 1996) . In the hadronic models, the γ-rays are produced via synchrotron mechanism by secondary electrons which are much more energetic than the directly-accelerated electrons. The hadronic scenarios, as an alternative for the SSC model, have been proposed also to explain the TeV radiation, detected by atmospheric Cherenkov detectors in a number of low luminosity BL Lacs (TBLs).
Correlation between the radio and other energy band, especially the γ-ray in blazars has been widely studied (e.g., Stecker et al. 1993; Dondi, Ghisellini 1995; Mücke et al. 1997; Mattox et al. 1997; Zhou et al. 1997; Fan et al. 1998; Cheng et al. 2000; Zhang 2001 ). Maccagni et al. (1989) studied 35 X-ray selected BL Lacs, and obtained a tight correlation between the radio flux and the V magnitude, this correlation also holds for the new BL Lac objects found serendipitously in EXOSAT fields. The correlation between the X-ray and the radio flux is looser. Padovani et al. (1993) investigated the correlation of radio and optical luminosities for 19 RBLs and 29 XBLs. They found a correlation coefficient of 0.94 for the RBLs and one of 0.53 for the XBLs. Both the XBLs and RBLs have a positive correlation between radio and optical.
To study the broadband properties of the TBLs, we collected a sample of 82 objects with redshifts smaller than 0.2, because all five reported TBLs all have redshifts below 0.2. Section 2 presents the data, Section 3, their broadband properties. Section 4 gives a discussion and conclusions. Throughout this paper, we assume q 0 =0.5, H 0 = 75 km s −1 Mpc −1 and define spectral indices, α, such that f ν ∝ ν −α .
BROADBAND DATA OF BL LACS WITH REDSHIFTS BELOW 0.2
Our sample of BL Lac objects were selected from the literature (Perlman et al. 1996; Lin et al. 1996; Perlman et al. 1998; Landt et al. 2001; Nass et al. 1996; Laurent-Muehleisen et al. 1999; Rector et al. 2000) . It contains a total of 82 objects with redshifts below 0.2. The redshift values and the radio fluxes have been updated by according to Veron-Cetty and Veron (2000) . The X-ray fluxes were converted to monochromatic flux at 1 keV assuming α x = 1.0 . Using B − V = 0.4, (Padovani 1992 ) the B magnitudes were converted to V magnitudes for all objects. Table 1 lists, successively, (1) object name; (2) other name; (3) redshift; (4) V magnitude; (5) radio flux at 5 GHz (mJy); (6) X-ray flux at 1 keV (µJy); (7), (8) and (9) the two-point optical-to-X-ray and radio-to-optical spectral indices, α ro = log (F 5 GHz /F 5500Å )/5.04, α ox = log (F 5500Å /F 1 keV )/2.65 and the α rx ; and (10) the Compton luminosities at the high-energy peak (1 TeV). The relation between two broadband spectral indices can be written as α rx = 0.6554 α ro + 0.3446 α ox . Our sample also includes the BL Lac objects detected by EGRET (Mukherjee 1997 ) with redshifts below 0.2 and the five TeV BL Lacs mentioned in the Introduction. Using B − V = 0.4 and assuming αo = 1.0 (consistent with Stocke et al. 1991) to convert other optical band magnitudes to V -band magnitude. , this source is the TeV BL Lac objects or candidates. Chadwick et al. (2000) found 3σ limits to the VHE γ-ray flux of 0.39 × 10 −11 cm −2 s −1 above 400 GeV for PKS 2005-489 and 2.4 × 10 −11 cm −2 s −1 above 300 GeV for PKS 0548-322.
THE BROADBAND SPECTRAL PROPERTIES
From the available radio, optical and X-ray flux, we obtain the two-point indices α rx , α ro and the α ox shown in Table 1 . We follow Wurtz et al. (1995) and Perlman et al. (1998 Perlman et al. ( , 1999 in dividing the HBLs and LBLs according to the ratio of the X-ray (1 keV) to radio (5 GHz) flux densities f x /f r , somewhat arbitrarily at dividing line at (log f x /f r ) ∼ −5.5. We also follow Perlman (1998) and Laurent-Muehleisen (1998 and refer objects in the range −6.5 ≤ log(f x /f r ) ≤ −5.5 (0.72 ≤ α rx ≤ 0.85) as "intermediate" BL Lac objects (IBLs). The relation between log(f o /f r ) and log(f x /f r ) for our sample, is shown in Figure 1 . There are three regions, for LBLs, (log(f x /f r ) < −6.5), IBLs, (−6.5 ≤ log(f x /f r ) ≤ −5.5), and HBLs (log(f x /f r ) > −5.5). Note that the values of log(f x /f r ) of the five TBLs and two suspect TBLs are > −5.5. From Table 2 we can see that the average values of the broadband indices, α ox , α ro , α rx , are apparently different for the HBLs, LBLs, and IBLs. However, the values for the TBLs are close to those for the HBLs. This means that the TBLs detected up to now belong to HBLs. In addition, this also implies that future BL Lacs detected in TeV energy band would have similar properties to HBLs. This result is in agreement with the properties of TeV blazars observed by ground based instruments. In addition, we study the relations of broadband luminosities and radio, optical, and X-ray fluxes. As pointed out by Padovani (1992) , because our sample is flux-limited, the luminosities are strongly correlated with redshifts, and would result in a spurious correlation. Therefore, we use a partial correlation analysis i.e., we examine the correlations between the radio and optical luminosities freed of the dependence on redshift. The correlation coefficients used for the analysis are the Spearman Rank-Order correlation coefficients (Press et al. 1992) . A strong correlation between the radio and optical luminosities is found (see Figures 2, 3) . The correlation coefficient between log L o and log L r for 82 BL Lacs is γ = 0.64, with p < 10 −4 . The correlation coefficient between log f o and log f r for 82 BL Lacs is γ = 0.66, with p < 10 −4 . The flux and luminosity correlations between these two bands are log L r = (0.838 ± 0.113) × log L o + (6.733 ± 3.305) ,
and log f r = (0.842 ± 0.106) × log f o + (1.985 ± 0.062) .
No correlation was found between L x and L r or L o . Maccagni et al. (1989) also obtained a tight correlation between radio flux and optical magnitudes. This suggests that the radiations of radio and optical energy band are from the same radiation mechanism. 
THE TWO PEAK FREQUENCIES AND LUMINOSITIES
The γ-ray-loud BL Lac objects (FSRQs similar to LBLs) have some common properties which imply physical similarities. It is believed that the γ-ray emission from TBLs is dominated by the synchrotron self-Compton (SSC) process. Within the present uncertainties, the low-frequency side of each of the two peaks of TBLs can be described by the same spectral index (Tavecchio et al. 1998) , consistent with the SSC model. In the context of SSC model, the peak frequencies of the synchrotron component ν s and the Compton component ν c are related: ν c /ν s ∝ γ 2 peak , where γ peak is the characteristic electron energy. For TBLs, the averaged upshifting factor of the Compton peak relative to the synchrotron peak is ∼ 10 8±1 , i.e.,
The luminosities (L s , L c ), peak luminosities (L s (ν s ) and L c (ν c )), and peak flux densities (f s (ν s ) and f c (ν c )) of the two components are related by (Tavecchio et al. 1998; Stecker et al. 1996 )
During the high state, the five TBLs all have a Compton luminosity L c comparable to or slightly less than the synchrotron luminosity L s , i.e., L c /L s ∼ 1. In the low state, the value of this ratio is almost 0.1 (Urry et al. 1999) . Assuming this is valid for the candidate TeV sources, we obtain
Since the flux sensitivity of TeV γ-ray detectors is not high, it is necessary for a candidate TeV source to have a peak in its Compton component in the TeV γ-ray energy range in order to be detected. BL Lac (2200+420, z=0.069) itself is one of the brightest LBLs. It has a Compton radiation peak in the GeV energy range (Fossati et al. 1998) and is a strong GeV γ-ray source, but it was not detected in the TeV energy range even during a large optical/GeV outburst in July/August 1997 Bai et al. 1999; Aharonian et al. 2000) . Therefore, TeV candidates should be selected from among HBLs or HBL-like objects. We assume the synchrotron emission peak at 1 keV (2.42 × 10 17 Hz), and the Compton emission peak at 1 TeV. According to equations (3) to (5), all the HBLs in our sample give ν c /ν s = 10 9 , and their Compton emission peak luminosities, L c , consistent with the observations, are shown in Table 1 . & Ghisellini (1995) investigated the correlations between emissions in γ-ray and in the lower energy bands, and found that the γ-ray luminosity is more tightly correlated with the radio luminosity than with other bands luminosities (e.g. optical and X-ray); but Mücke et al. (1997) reported that there is no correlation between the γ-ray and the radio. As pointed out by Lu et al. (1997) and Padovani (1992) , the optical and correlated with the core radio luminosity than with the total radio luminosity. Xie et al. (1997) found that the luminosity correlation between the γ-ray and the infrared is closer than that between the γ-ray and the optical or the X-ray. Fan (1998) thought that the luminosity-luminosity correlation could not be considered as a true correlation because of the well known fact that the luminosity depends on the redshift. In this paper, we consider both the flux-flux and the luminosity-luminosity correlation between the radio, optical, and X-ray energy for our sample with redshifts below 0.2. We find strong correlation between the optical and the radio both in flux and luminosity. The correlations among other bands are very weak.
DISCUSSION AND CONCLUSIONS

Dondi
Two alternative explanations have been proposed for the difference between HBLs and LBLs. The "orientation hypothesis" argues that these sources have no significant physical differences, and that the differences in luminosity and spectra result from the relativistic beaming effects, with the jets of HBLs being observed at larger angles to the line of sight (Maraschi et al. 1986; Urry, Padovani & Stickel 1991; Celotti et al. 1993 ). In the alternative interpretation, the difference between HBLs and LBLs must be attributed, at least in part, to real physical differences (Giommi & Padovani 1994; Padovani & Giommi 1995; Sambruna et al. 1996) : the X-ray emission comes from the high-energy end of the synchrotron emission for the HBLs, and from Compton scattering for the LBLs. If real difference exists between the HBLs and LBLs, then one might expect that HBLs rather than LBLs are likely to be TeV sources. This is because there is evidence that in the synchrotron SED relativistic electrons are accelerated to higher energies in HBLs than in LBLs (Sambruna et al. 1996) . These electrons, in turn, should be Compton-scattered to produce higher energy γ-rays in HBLs than in LBLs. Our result of luminosities in high energy peak is in agreement with all of the existing TeV BL Lacs observations, and so support the real difference hypothesis. We further predict that only nearby HBLs (say, z ≤ 0.2) can be extragalactic TeV sources.
